The arrival of new industries in some municipalities of 'El Bajío' in Guanajuato state, Mexico, has brought about appreciable economic development and human impacts, but has also caused changes in the management of the aquifers from which they get water for their operations. In some cases, the aquifers are overexploited and contaminated at different levels. A number of agencies have the main responsibility for managing, protecting and conducting studies on water use in both municipalities and the state and, in this context, experts from these agencies were consulted as part of this study about what environmental, social, economic and hydrological aspects had the highest priority when considering the establishment of a new industry in the zone. The analytical hierarchy process (AHP) methodology was used. Results show that hydrological aspects were the most important and, within them, treatment and reuse of water had the highest priority. It was concluded, therefore, that for the experts to reuse water in some activities and productive processes must be an option to decrease the water extraction from aquifers, supposing that the treatment process complied with the required regulations. Given the present conditions in the region, we can affirm that these results are applicable to the whole of El Bajío.
Introduction
Guanajuato state is located in northern Mexico and part of its territory is included within the region known as 'El Bajío'. There is no formal definition of the area occupied by El Bajío, but it is usually accepted as the alluvial plain formed by the Lerma River and its tributaries, from its first rise in the Toluca Valley and going down from about 2,500 masl to 1,700 masl near La Piedad city in Michoacan state. This plain includes the non-mountainous territory within Guanajuato state (Álvarez, 1998; Macías, 2009) . In geological terms, the sedimentary basin of El Bajío is limited to the east by the system of the Taxco-San Miguel de Allende faults; in the north, the basin ends with the El Bajío fault, which is also the boundary with physiographic provinces such as Mesa Central and the Transmexican Volcanic Belt. The El Bajío fault has a basement of rocks deposited within a stucture from the Lower Cretaceous, and in the superior part, there is a rise of volcanic rocks and continental sediments from the Neogene period (Botero-Santa et al., 2015) .
The average annual rainfall in El Bajío is lower than the national average and is concentrated in a few months of the year, mainly from June to September (see Table 1 ). Thus, the area is prone to drought and its main water supply for commercial and domestic use is from an aquifer. However, due to poor management, El Bajío suffers from overexploitation of its aquifers (see Table 2 ) and contamination of its water resources to various degrees; because of this overexploitation, water has to be obtained from ever deeper wells and this water often contains elements such as arsenic, vanadium and fluorine, amongst others, which reduces its quality Rodríguez et al., 2015) .
Historically, the assignment, ownership and use of waterways have been a cause of frequent disputes since the colonial period (Seligmann, 1988) . For the past several years, industrial parks have been built in the El Bajío region of Guanajuato, mainly in municipalities such as Leon, Silao and Celaya, as locations for the installation of industries facilitating the supplying of raw materials, distribution of products and communications. These industries require considerable quantities of water for their operation, which very probably is obtained from aquifers located in the area where they are established. This overutilization can aggravate existing problems, as well as competing with already established water resource users, which, in the future, could slow development in the region and reduce the quality of life of its inhabitants.
For this study we selected the municipalities of Leon, Celaya, Irapuato, Silao and Salamanca in Guanajuato state because they are among the main recipients of investment in the region, with an essential agricultural sector, industrial parks and a growing population. They also have important communication routes (highways, railways and airports) that facilitate travel between cities such as Guadalajara, Monterrey, the Valley of Mexico, Ciudad Juárez and ports on both coasts. We used the analytical hierarchy process (AHP) methodology to define the importance that a group of water resource experts assign to a series of parameters to establish the impact that the arrival of new industries could have on water management.
Defining the problem
By considering official documents, we can determine the structure of responsibilities and decision making in the water sector (see Figure 1) . In Figure 1 , the user is a person who has a water concession title given by a corresponding authority; the user's responsibilities are the compromise which the user accepts they must satisfy in return for using their water concession; COTAS (Groundwater Technical Committees) are organizations made up of representatives of different water users and working as social instruments with responsibility for regulating use, exploitation and user training, and for monitoring compliance laws, etc., to preserve the quality and quantity of water sources; the Water Council is a coordinating organization whose function is to be a mechanism of support, consultation and advice for CONAGUA, the three levels of government, and representatives of users and public organizations; the State Water Commission (CEA) is the organization responsible for applying political strategies, programs and actions in the states, as defined by CONAGUA; basin organizations are organizations responsible for administering and preserving national waters in each of the thirteen hydrological administrative regions in which the country has been divided; finally, CONAGUA itself is the most important responsible body for administering, regulating, controlling and protecting national waters in Mexico.
The Vision 2030 Regional Water Program of the VIII Lerma-Santiago-Pacífico Administrative Hydrological Region indicated that some of the most important problems in the part of the region corresponding to Guanajuato state are inefficient and excessive use of water, under-utilization of treated water, overconcession of water rights to exploit the available sources, low water productivity and low profitability of some economic activities (CONAGUA, 2012) . This situation has caused the national water commission, CONAGUA, to declare all surface and underground water sources closed (DOF, 2014) , that is, it is no longer permitted to carry out works to extract a greater volume of water from any available source due to its state of overexploitation. As a result of these regulations, an investor wishing to establish a company in this area needs to transfer water use titles from current users (often belonging to the important agricultural sector) until the necessary volume is obtained before the various regulatory bodies will grant approval.
In this context, the Valle de Leon, La Muralla, Silao-Romita, Irapuato Valle and Valle de Celaya aquifers are the main water sources for the municipalities studied (Figure 2) , as well as representing the highest levels of depletion and overexploitation in Guanajuato. The Silao-Romita aquifer is of semiconfined type, constituted in its upper portion by alluvial and fluvial deposits, whilst the lower portion is formed of volcanic fractured rocks. There is a waterproof clay layer on most of the aquifer which allows the existence of a shallow aquifer; deeper, there are other waterproof clay layers which constitute a new intermediate aquifer. Below 120 meters, there is a deep aquifer, which is currently the most exploited (CONAGUA, 2015a). The La Muralla aquifer is heterogeneous and anisotropic, and free and semiconfined in character; it is formed by alluvial material, sandstone and fractured volcanic rocks, interleaved with pyroclastic and clayey sediments (CONAGUA, 2015b) .
The Valle de Leon aquifer is free, divided into two sections: one granular, with semi-compact heterogeneous and anisotropic type volcanic tuffs, and a rocky fractured half of homogeneous and anisotropic type (CONAGUA, 2015c). The Valle de Celaya aquifer is made up of three units. The unit closest to the surface is of unconfined type and is formed by alluvial-lacustrine sediments of Neogene-Holocene origin; the second unit is integrated into fractured volcanic rocks and its thickness is variable; finally, the deepest aquifer is also defined by fractured volcanic rocks . The Irapuato-Valle aquifer is made up of two main parts: one granular, formed by alluvial deposit residual soils, and the other volcanic sediments from the Tertiary and Quaternary Periods. The fractured part is formed by volcanic products from Late Miocene-Pliocene-Pleistocene-Holocene Period, which gives it strong anisotropy and heterogeneity (CONAGUA, 2015d) .
In addition to pointing out how overexploitation of aquifers leads to water deficits, a climatological evaluation prepared by the Institute of Ecology of Guanajuato State (IEE) indicated that climate change in the state could cause an increase of 0.6 to 0.8°C in average annual temperature, as well as leading to a decrease in average annual rainfall with a tendency to drought and to more intense rainfall in shorter periods of time, increasing the risk of flooding, particularly in El Bajío (IEE, 2009) .
In a study conducted by Juan Antonio Rodríguez-González (Rodríguez-González & CalderaOrtega, 2013) , Human Development Index (HDI) data were used to measure parameters of health, education and income at the urban level in the Centro-Bajío region for the municipalities of Apaseo El Grande, Celaya, Irapuato, Silao and Leon. The results showed that in all cases there was a great disparity in the development of major population centers (such as municipal capitals) and the smaller communities. In the same territory, populations with a degree of development catalogued as high coexisted with communities with a medium or even low level of development, without any plans to link their economic and social improvements. The study also showed that the development model implemented in the area had caused major imbalances in population dynamics since it did not consider the traditional economic characteristics and experiences of different territories and their inhabitants. Local populations often lack the skills required by new companies which leads to their migration to other areas of the country or abroad, while qualified personnel from other places in the state and country are hired and brought in to work in the new industries (Rodríguez-González & Caldera-Ortega, 2013 ).
Methodology
The analytic hierarchy process is a methodology developed by Thomas Saaty to understand and study complex problems by constructing hierarchical structures and establishing different priority levels. Problems to be solved or objectives to be achieved are placed at the top, followed by criteria and alternatives for their resolution in the lower part. A sub-criteria level can be defined if it is considered pertinent. The AHP method allows researchers to evaluate both qualitative and quantitative criteria and their alternatives in the same scale of preferences (numerical, graphic and verbal); therefore, multiple numerical scales have been proposed (Franek & Kresta, 2014) . In this paper a linear scale designed by Saaty was used that is the basis for other scales (Saaty, 1987) .
In a study made by Emrouznejad & Marra (2017) , the evolution in the application of the AHP process from 1979 to 2017 was illustrated by analyzing many different areas in which the methodology was adapted and used. The mathematical formulation of AHP was first made in the 1980s (Saaty & Vargas, 1987) and the theoretical bases were described (Crawford & Williams, 1985; Harker, 1987; Harker & Vargas, 1987 , 1990 . In the second stage of application, AHP was used in areas such as environmental technology and mechanical engineering (Ramanathan & Ganesh, 1994a) . In the third period, combinations were made between the AHP method and the diffuse approach method for decision making and to solve complex problems. Ramanathan and Che combined AHP with Data Envelopment Analysis (DEA) and fuzzy AHP (FAHP) to solve industrial problems (Ramanathan, 2006; Che et al., 2010) , and the combination of AHP and the Delphi method was used in financial fields (Wu et al., 2011) . AHP has also been used to develop better strategies for management and administration of water resources (Shabbir & Saeed, 2016) and natural resources (Xiong et al., 2007; Lu et al., 2009) .
The process begins by defining a set of finite elements called alternatives (represented by the letter A) and a set of elements or attributes called criteria (represented by the letter C). The first comparisons are performed against these and are referred to as binary because they are done by pairwise comparison of elements of A with respect to each criterion contained in C, by assigning positive values to elements of A. AHP methodology indicates that the comparison matrices formed by successive comparisons of pairs of elements of A with respect to elements contained in C must meet certain conditions, such as that, if we have A ¼ a ij ; (P C (A i ,A j )), a set of paired comparisons of alternatives with respect to a criterion C, it indicates that A constitutes a positive reciprocal matrix by Axiom 1 of the method, which tells us that when an element A turns out to be n times better than element B, in opposition, element B is 1/n times better than element A.
In the same way, if a hierarchy, H, is formed by H,
where ρ is homogeneous for k ¼ 1, …, h À 1, subsequent calculations lead to the expression C k (L k =L kÀ1 ) and through it to a definition of the concept of homogeneity established by Axiom 2, which indicates that there must be similarity between elements that are being compared. The detailed development of previous expressions can be seen in references on the theoretical foundations of AHP (Saaty, 1987) .
Another very important aspect is consistency, which is the necessary coherence between elements of a set. To determine consistency for the results obtained, the consistency index (CI) was calculated by (l max À n)=(n À 1) Delgado et al., 2014) , and the random consistency index (RI) value was obtained by comparing CI with values indicated for RI, through the use of a comparison table (Lu et al., 2009) . The consistency ratio (CR) was determined by taking the ratio of the two previous indices: CR ¼ CI/RI. If the value obtained was equal to or less than 0.10, it was accepted that the matrix was consistent and its results valid; otherwise, the comparison matrix was redone until an acceptable value was obtained (Saaty, 1987) .
In our study, a technique based on linearization was used, complemented by an iterative feedback process that included the opinions of experts to produce a better fit. This method started with comparison matrices provided by experts and by the formula X A ¼ 1 2n
. Through a prioritization process, a consistent matrix was obtained that could be submitted to the judgment of experts to determine if it reflected their point of view or if they preferred to make modifications. If they decided to make changes, a new inconsistent matrix was obtained and the process was repeated until a consistent matrix with approval of the parties consulted was obtained Benítez et al., 2015) .
Application
In this context, our work made a partial application of the methodology in its most common form where the analysis covered levels of criteria and alternatives. Analyzed sections were limited to criteria and sub-criteria, establishing a decision tree (Figure 3 ). Under the Environmental Aspects category, we included the specific environmental characteristics present, indicating provision of water in the study area throughout the year. Social Aspects focused on the socioeconomic, educational and common characteristics of the population of a certain area or region that influenced their propensity to accept or reject changes of greater or lesser degree in their environment. Economic Aspects included income, economic activities, communication routes and places of settlement of productive nuclei in the study area. Finally, Hydrological Aspects considered sources of surface water and groundwater and the alternatives present in a study area that were likely to be used to cover water needs; management of wastewater was also analyzed.
Once the topics to be analyzed were defined for criteria and sub-criteria, experts from the CEA were consulted as they were the ones mainly responsible for monitoring and addressing problems related to water usage in the state (drinking water, sewage, treatment and disposal of waste) and seeking to manage, conserve and preserve state water sources.
We also considered the opinions of specialists from COTAS, whose objectives are to develop management methods for arranging actions among users for the efficient use of water, preserving its quantity and quality. Opinions from experts from the Water Operators Organization who are responsible for operating, conserving and managing drinking water, sewerage and sanitation systems in municipalities were also sought for the study. Finally, we availed ourselves of the experienced staff at the University of Guanajuato (UG) who have produced a large number of studies on water problems at the state and municipal level from different points of view (technical, social, legal, etc.), looking for the most practical and efficient solutions possible.
Results
To verify whether or not our obtained values had a significant statistical difference between them and how independent data sets were handled, the Kruskal-Wallis (K-W) test was applied using the statistical programme 'IBM SPSS Statistics' for the following working hypotheses:
Ho: There are significant differences between the ranks assigned to the criteria.
H1: There are no significant differences between the ranks assigned to the criteria.
Significance was established by using the decision rule 'if ƿ 0.05 then Ho is accepted', where ƿ indicates the level of significance. Unless otherwise indicated, arithmetic averages were used as comparison values in all cases to determine the preponderance of one element over another.
According to the results shown in Table 3 , it is concluded that Hydrological Aspects have major importance among the criteria regarding water usage in different municipalities. The experts responsible for managing water from different areas and proposing solutions to modify specific situations agree on the primacy of Hydrological Aspects, although they apparently leave aside issues related to Environmental Aspects. In the worst-case scenario, based on the official climate change studies (0.6-0.8°C temperature increase, modification of the rain and drought patterns, etc.), the solution measures that are currently being carried out would be completely altered and potentialy rendered obsolete. It is advisable, therefore, that water managers make decisions based more closely on hydrological and environmental aspects, so that the measures taken may provide greater benefits over the medium term. On the other hand, everything related to Social and Economic Aspects in the municipalities will be affected to a greater or lesser degree by changes that occur in water availability and environmental conditions. The decisions and measures taken to correct current industrial water management problems may alter the ability of the region's inhabitants to sustain their standard of living, as well as to maintain profitable productive activities.
The K-W test indicated that there was a significant difference in importance assigned to elements by the operator organizations and specialists from UG, while for COTAS and CEA there was not. The results at this time showed the high priority that actors grant to Hydrological and Environmental Aspects, but in future this order may be modified.
Results for the environmental sub-criteria categories are presented in Table 4 in the order that they appear in the decision tree. Within the environmental sub-criteria, most specialists agreed that the most important sub-criterion was precipitation, followed by drought. When the normal rainfall in a region decreases, the severity and duration of the drought depend on the magnitude of the decrease and how long it takes for precipitation to return to its normal parameters in an inversely proportional relationship. Climate change forecasts suggest that temperature can have a significant effect due to environmental changes. So far, however, changes in temperature do not appear to have altered the patterns of rain and drought in the municipalities studied. Future consequences of temperature change could favour the appearance and duration of droughts affecting the lives of the people in these areas. Application of the K-W test to results from the environmental sub-categories indicated that for COTAS there was a significant range difference in importance assigned to each element, whereas for CEA, operating organizations and specialists of UG, this difference did not exist. The above results as a whole led us to conclude that temperature and drought were equally important for actors and that the priority assigned to them in each case depended on the climatic conditions present at a given moment.
Specialists consider that the most important social sub-criterion is education (Table 5 ). The better the training and skills of the inhabitants in the municipalities, the greater their opportunities to compete for new industrial jobs. Education level strongly influences population growth because, if people lack the skills required by today's companies, they may need to leave their localities in search of jobs for which they are qualified. Professionals from other places then need to move in to fill the vacancies. In the case of the sub-criterion related to income, there is a tendency to affirm that jobs in industry have better wages and benefits than those offered in sectors which require less well-qualified workers, although this is not always true. K-W analysis for the social sub-criteria showed that for COTAS and UG specialists there was a significant difference in importance assigned to the sub-criteria, but for CEA and operating agencies the difference was small and not significant. Thus, the order of pre-eminence for growth of population and income would be at the discretion of specialists regarding the social conditions present at a certain moment.
For economic sub-criteria (Table 6 ), the specialists indicated that the sub-criteria related to industry and agribusiness are the most important factors at this moment. This is in line with policies followed by different governments over the years that have caused the decline of traditional agriculture, reducing its importance as a sub-criterion. The growth of industry and agribusiness has clearly facilitated sub-criteria related to transportation and change of land use. Expanding transportation networks and the easing of land use structures are very important considerations in deciding where to establish new companies. However, sometimes land is dedicated to agricultural activities and an increase in the number of companies and the construction of new freeways may bring harm to farmers and workers dedicated to traditional crops, both to their lifestyle and form of production.
K-W analysis indicated that there was no significant difference among specialists for ranges of importance given to the economic sub-criteria, leaving element prioritizing to decision makers, according to circumstances.
Given that Hydrological Aspects were considered to be the most important sub-criteria by all experts, it is interesting to note that only specialists in COTAS and CEA concluded that water reuse was the most important at this level, while specialists of operator organizations and UG put it in last place (Table 7) . If well implemented, measures to reutilize wastewater can be the means for more efficient use of resources, allowing treated water to be channelled to other activities and processes. Consequently, less water needs to be extracted from already limited sources, reducing the impact on the environment, avoiding the discharge of contaminated water, and allowing the recharging of overexploited aquifers. With reference to traditional water sources, most specialists assigned a medium importance to this sub-criterion, although for operator agencies, it was the most important, possibly because their overexploitation has reduced the availability of exploitable water so that this is no longer an option for combatting water problems in the short and medium terms. Regarding volume of extraction, the efficiency of water use and recharge of aquifers, these sub-criteria are generally accorded only average importance, although specialists from UG considered them as the most important. They are closely related to the previous sub-criterion, because poor use policies have allowed extraction volumes that exceeded the volumes of water available in the municipalities studied. In the same way, inefficient use and overexploitation by the main water users have reduced the viability of aquifers as sources of safe water. The sub-criterion that includes other water sources has in general been given the lowest priority by specialists if the operating agencies and UG, although specialists in COTAS and CEA considered it to be of medium importance, due to climatic and geographical conditions in the studied municipalities, which made it difficult to find sources other than traditional ones.
On the other hand, application of the K-W test to the hydrological sub-criteria showed that only the COTAS had significant differences in ranges of importance given to subcriteria. This led us to conclude that for most specialists, these sub-criteria had similar importance so that the order of priority that they assign to them was based on water conditions prevailing at a given moment. Table 8 provides a summary of the result presented in the previous tables, showing the average value obtained when adding the arithmetic averages of each element and dividing by the number of groups involved (COTAS, CEA, Operator Organization and UG specialist). Results from Table 8 form the  basis of Table 9 which presents a further summary of the earlier individual results about importance. 
Conclusions
The AHP methodology allows complex problems to be handled qualitatively and quantitatively by dividing them into a series of elements defined as objectives, criteria, sub-criteria and alternatives so that, finally, and considering the knowledge and experience of people expert in these problems, the best option can be found to solve them.
Currently, the area of El Bajío in Guanajuato state presents many hydrological problems caused by the mismanagement of the available water sources, and this research has allowed the actors responsible for studying and managing water sources to be interviewed, and the importance that each of them assigns to the different elements in which the hydrological problems were divided to become known, as well as outlining the actions that must be implemented to reduce their impact in the zone. Tables 8 and 9 show the current problems with water availability in El Bajío related to hydrological aspects and indicate that rainfall is considered a really important element to avoid increasing future problems. The industrialization process in the zone needs people with more skills and abilities, which can be obtained with a higher education level. Correct treatment of the water discarded by industries (mainly) and its correct re-use in productive processes and appropriate activities can help to reduce the overexploitation of aquifers. Tables 8 and 9 also give us a set of options that stakeholders must consider when they decide on the most appropriate measures to deal with water problems in the zone.
